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Abstract
This research investigated the presence of virulence genes encoding F41, K99, eae, Stx1, Stx2 and STa and the antimicrobial resistance of 
animal Escherichia coli (E. coli) isolates. Clinical isolates (n:233) were evaluated from fecal samples of cattle, sheep, goats, horses, cats and 
dogs collected between the years of 2010 to 2015 from Turkey. Enterohaemorrahic E.coli (EHEC) O157:H7 was detected by using cefixime 
tellurite sorbitol MacConkey agar (CT-SMAC) and Wellcollex E. coli (Remel®). The Kirby-Bauer disc diffusion test was performed to detect 
the resistance pattern of the isolates to ampicillin, Amoxycilin/clavulanic acid, enrofloxacin, ceftiofur, trimethoprim/sulfamethoxazole and 
tetracycline. The results showed that 40% of the ruminant isolates were identified as Shiga-toxin producing Escherichia coli (STEC).  Entero-
toxigenic E. coli (ETEC) was detected in samples from cattle (0.9%) and sheep (12%). Enteropathogenic E.coli (EPEC) was detected in samples 
from cattle (0.9%) and dogs (11.4%). EHEC O157:H7 was not detected any of the isolate. Among all E.coli isolates that carried at least one 
virulence gene, 8 (19%) were resistant to more than three antimicrobials, 7 (16.7%) were resistant to at least one antimicrobial and 27 (64.3%) 
were susceptible to all antimicrobials.
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Introduction
E.coli occur naturally in the lower part of the intestine
microbiota of humans and warm-blooded animals. Most
strains of E.coli, do not cause disease in healty persons,
however there are specific pathogenic groups, whose
members are capable of causing disease in humans and
animals. Pathogenic E.coli strains are broadly grouped
into two categories, extraintestinal pathogenic E.coli and
intestinal or diarrhagenic E.coli depending on whether
they cause disease outside or within the intestinal tract.1 
There are at least five categories of recognized diarrha-
genic E.coli, Shiga toxin-producing E.coli (STEC) or vero-
toxigenic E. coli (VTEC); which includes subset of strain 
referred to as enterohemorragic E.coli for their ability to 
cause bloody diarrhea and haemorragic colitis, entero-
toxigenic E. coli (ETEC), enteropathogenic E.coli (EPEC), 
enteroaggregative E.coli (EAEC) and enteroinvasive E.coli 
(EIEC). Enterohemorrhagic E.coli (EHEC) strains com-
prise a subgroup under STEC that cause bloody diarrhea. 
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EHEC serotype O157:H7 is the most common serotype 
worldwide. 1-4 
EPEC strains are enteric pathogens that lead to diarrheal 
illness; they produce attaching and effacing (A/E) lesions 
and intimate attachment of EPEC to epithelial cells in the 
gut mucosa of human or animal hosts.5,6 In humans and 
young farm animals, ETEC infections can cause watery, 
non-bloody diarrhea.3 ETEC possess two virulence factors: 
fimbriae (pili) and enterotoxins. F5 (K99) and/or F41 fim-
briae mediate adherence to the ileum, while thermolabile 
(LT) and thermostabile (STa and STb) enterotoxins stimu-
late a secretory response by intestinal crypt cells.7 
Recently, antimicrobial resistance in E.coli has increased 
remarkably.8 In addition, commensal and pathogenic E.coli 
isolates can be important reservoirs for antimicrobial re-
sistance determinants, which may be transferred via trans-
missible plasmids within species. 9
This article presents the results of the targeted diarrhe-
agenic E.coli virulence genes by multiplex PCR and the 
resistance pattern of veterinary importance antimicrobials 
in virulent and avirulent E.coli isolates from domestic ani-
mals in Turkey.
Materials and Methods
The study was conducted on animals from Bursa city and 
province, regardless of health status,  that were brought to 
Uludag University Animal Hospital in the period between 
2010 and 2015. A total of 233 E.coli isolates were recovered 
from fecal samples of cattle (n:111), sheep (n:25), goats 
(n:45), horses (n:4), cats (n:13) and dogs (n:35). 
E.coli isolates from a variety of animals were screened for 
the virulence genes encoding eae, STa, Stx1, Stx2, F41 and 
K99 with mPCR according to the method described by 
Franck et al. 10 with certain modifications (Table 1). 
All primers’ sequences used in this study are shown in Ta-
ble 1. The amplification was carried out in a Techne® TC-
3000G gradient thermal cycler (Bibby Scientific, UK) with 
the following steps: initial denaturation at 98°C for 5 min; 
25 cycles at 98°C for 30 s, annealing at 55°C for 30 s and 
extension at 70°C for 1 min; final extension at 70°C for 10 
min. The PCR products were electrophoresed in 1.4% aga-
rose gel (BIO-ROC, UPL Diagnostic Mainz - Germany) for 
100 min at 80 V and visualized under UV light (Vilber-
Loumat®- Quantum ST4- France). E.coli O157:H7 (ATCC 
35150) and E.coli 0101(ATCC PTA-5951) were used for the 
reference strains. E.coli (ATCC 25922) and sterile distilled 
water were used for the negative control.
The Stx1, Stx2, eae positive isolates were inoculated onto 
cefixime tellurite (Oxoid® - SR0172) sorbitol MacConk-
ey agar (CT-SMAC) (Oxoid® - CM0813) followed by in-
cubation at 37°C for 18-24 h for the detection of EHEC 
O157:H7. The presence of sorbitol negative (colorless) 
colonies were checked. Non-sorbitol-fermenting colonies 
from the CT-SMAC agar plates were examined by the la-
tex agglutination test Wellcollex E.coli (Remel® Europe Ltd. 
UK). Specific antisera was used to the determination of 
E.coli O157 -H7  as described by the manufacturer.
Virulent and avirulent E.coli isolates (n:233) were detected 
and evaluated with the Kirby-Bauer disc diffusion test for 
ENR (Oxoid®, 5 µg), AMP (Oxoid®, 10 µg), TE (Oxoid®, 30 
µg), SXT (Oxoid®, 25 µg), CTF (Oxoid®, 30 µg) and AMC 
(Oxoid®, 30 µg) according to EUCAST Version 6.0 (2016-
01-01) directions.11
Table 1: Primers used in this study for the multiplex PCR (Franck et al. 1998)
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Results 
Results showed that virulence genes indicating the pres-
ence of DEC were detected in samples from 9 (8.1%) cattle, 
13 (52%) sheep, 15 (33.3%) goats, and 4 (11.4%) dogs. Vir-
ulence genes were detected at the following rates: Stx1 26 
(11.1%), Stx2 17 (7.3%), eae 12 (5.2%) and STa 4 (1.7%). All 
horse and cat isolates were negative for all genes. Virulence 
genes indicating the presence of DEC were detected in this 
study in the following percentages: STEC in 6.3%, 40% and 
33.3% of isolates from cattle, sheep and goats, respectively; 
ETEC in 0.9% and 12% of isolates from cattle and sheep, 
respectively; and EPEC in 0.9% and 11.4% of isolates from 
cattle and dogs, respectively (Table 2).
In total, 8 cattle, 15 goat and 4 dog isolates that carried 
Stx1, Stx2 and eae genes (alone or in combination) were 
examined for the detection of EHEC O157:H7. Four iso-
lates (50%) from cattle and 1 (6.7%) from a goat showed 
non-sorbitol-fermenting colonies. To confirm the presence 
of EHEC O157:H7, the suspected colonies were tested with 
Wellcollex E.coli. The results were negative for all isolates 
according to the kit directions. 
The antimicrobial susceptibility profile of 233 E.coli iso-
lates showed that the highest level of resistance was re-
corded against TE (53.5%) followed by AMP (47.2%), SXT 
(38.2%), AMC (36.9%), ENR (25.3%) and EFT (17.6%). 
Among 41 E.coli isolates that carried at least one virulence 
gene, 5 (12.2%) were multi-drug resistant (MDR). The an-
timicrobial susceptibility results for virulent and avirulent 
E.coli isolates are shown in Table 3 and Table 4. 
Table 2: The frequency and pathotypes of E.coli virulence genes in domestic animals
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Table 3: Antimicrobial susceptibility profiles of E.coli isolates with Disc Diffusion Testing
(1Enrofloxacin, 2Ampicillin, 3Trimethoprim/Sulfamethoxazole, 4Ceftiofur, 5Tetracyclines, 6Amoxycillin/ Clavulanic Acid)
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Discussion
Phenotypic screening techniques for the detection of E.coli 
pathotypes other than STEC are not adequate. Molecular 
methods have been used by several clinical laboratories 
to facilitate the identification of organisms that cannot be 
cultivated due to unusual growth characteristics or antibi-
otic treatment, or that cannot be classified by phenotypical 
methods. This study evaluated the major virulence genes 
of fecal E.coli isolates from variety of domestic animals 
in Turkey. In the present study, DEC represented 17.6% 
(41/233) of isolates, including Stx1 (11.1%), Stx2 (7.3%), 
eae (5.2%) and STa (1.7%) of isolates from cattle. Sever-
al researchers reported similar results, with Stx1, eae and 
Stx2 in combination or as separate genes.12, 13 Several stud-
ies have revealed that strains possessing only Stx2 exhibit-
ed potentially more virulence than strains possessing Stx1 
or Stx1 and Stx2.3 This study revealed that 2.5% of isolates 
from sheep and goats carried the more virulent Stx2 gene. 
Because sheep and goats are an important source of pro-
tein in Turkey, the presence of the Stx2 gene in E.coli iso-
lates from small ruminants could be therefore a potential 
source of community-associated human HUS infection.
In the present study, the detection rate of the eae gene in 
STEC cattle isolates was 7.2% (n:7) whereas Nguyen et al. 
14 reported that it was 9.8%. Barett et al.15 reported that eae 
may be necessary for the expression of full virulence of 
STEC for humans, demonstrating a potential risk for zoo-
notic infections. These results showed that eae carriage by 
cattle in Turkey should be considered an important zoo-
notic threat for STEC transmission between humans and 
animals.
As shown in this study, STEC has been detected at high-
er rates in sheep (40%) than in cattle (7.2%). This finding 
is similar to Beutin et al.16, who recorded a prevalence of 
66.6% in sheep and 21.1% in cattle. The difference between 
the two species may be due to the small number of animals 
tested. These results indicate that sheep may be a primary 
source of STEC. 
Fecal carriage of EHEC O157 in farm animals has been 
reported in several countries. The presence of EHEC 
O157:H7 was tested in this study, and it was not detected 
in any isolates. These findings were consistent with a study 
by Leomil et al.17 who also observed that all of the tested 
isolates were negative for EHEC O157:H7.
In the present study, ETEC was detected at a low frequen-
cy (0.9%) in cattle isolates. Similar results were reported 
by Blanco et al.18 who detected ETEC in a single strain. As 
demonstrated in the present study, sheep ETEC represent-
ed 12% of the isolates, which was approximately in agree-
ment with the result of 11.2% reported by Turkyilmaz et al. 
19. All isolates tested in this study were negative for F41 and 
F5 (K99) genes. These findings were in agreement with the 
results of the study by DeVerdier et al.20, who reported that 
F5 was not observed in any tested isolates. The health sta-
tus of the animals was not considered for this study, which 
may be a reason for of the lack of evidence of fimbrial F41 
and F5 (K99) genes in the samples tested. 
In the present study, EPEC was detected in 0.9% of cattle, 
which agreed with Holland et al. 21, who reported that cat-
tle can be considered as a main reservoir for EPEC. Recent 
findings have shown that the transmission of DEC strains 
occurs between pet animals and humans.22 The zoonotic 
importance of EPEC was demonstrated by Beutin 23, who 
described it in isolates from dogs. In the present study, 
EPEC was detected in 11.4% of dogs and was not detected 
in cats. These results agreed with those of Puno-Sarmiento 
et al. 24, who reported that all of the cat isolates were nega-
tive, and a portion of dog isolates were positive for EPEC. 
In the present study, the antimicrobial susceptibility pro-
file showed that the highest resistance recorded was against 
tetracycline in all animals. These findings were consistent 
with those of several researchers who reported that the re-
sistance was most frequent for sulfonamides, tetracycline, 
and streptomycin in domestic animals.25, 26 In the present 
study, among all E.coli isolates that carried at least one 
virulence gene, 12.2% were MDR, 4.9% were resistant to 
two antibiotics, 14.6% were resistant to one antibiotic and 
68.3% were susceptible to all antibiotics. Enterobacteriace-
ae commonly carry multiple large plasmids, a number of 
which can contain resistance genes to 10 or more antimi-
crobial agents. 27 As shown in this study, the highest degree 
of MDR was seen in strains that carried 3 virulence genes 
in combination. These results suggest that a high preva-
lence of virulence factors might be related to a high MDR 
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Table 4: Multi drug resistance pattern of virulence gene carrying 




In conclusion, virulence factors Stx1, Stx2, eae and STa, 
which indicate the presence of pathogenic E.coli, were de-
tected by multiplex PCR methods from a variety of ani-
mals in Turkey. The results of this study suggested that 
cattle, sheep, goats, and dogs are potential reservoirs of 
STEC, ETEC and EPEC for humans. A high MDR profile 
was observed among pathogenic E.coli strains. The pres-
ence of virulent E.coli isolates from domestic animals and 
their antimicrobial resistance pattern should be described 
by further epidemiological methods for understanding of 
zoonotic significance by potential transmission of E.coli.
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